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Incineration of persistent organic pollutants (POPs) is an important alternative way for disposal of this type of
hazardous waste. PCBs are very stable compounds and do not decompose readily. Individuals can be exposed to
PCBs through several ways and damaged by their effects. A well design of a waste incinerator will convert these
components to unharmfull materials. In this paper we have studied the design parameters of an incinerator with
numerical approaches. The CFD software Fluent 6.3 is used for modelling of an incinerator. The effects of several
baffles inside the incinerator on flow distribution and heat is investigated. The results show that baffles can reduce
eddy flows, increase retaining times, and efficiencies. The baffles reduced cool areas and increased efficiencies of
heat as maximum temperature in two and three baffle embedded incinerator were 100 and 200 °C higher than the
non-baffle case, respectively. Also the gas emission leaves the incinerator with a lower speed across a longer path
and the turbulent flow in the incinerator is stronger.
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Waste incineration is a well-established treatment tech-
nology for municipal, industrial, hospital and hazardous
wastes [1–3]. It is also one of the most frequently se-
lected method of waste management for no-longer re-
usable or recyclable industrial products and materials
[4–8]. In the some part of waste incinerators, persistent
organic pollutants (POPs) are formed due to the pres-
ence of products of incomplete combustion, oxygen and
chlorine at temperatures between 200 and 800 °C
[9, 10]. The final solution for persistent organic pollutants
(POPs) such as polychlorinated biphenyls (PCBs) that can-
not be recycled or landfilled is to use an incinerator [11].
The minimum residence time suggested for removal of
PCBs in an incinerator is about 2 s at 1200 °C or 1.5 s at
1600 °C [11]. This can be achieved only through increas-
ing the residence time or improved heat distribution.
Measurements indicate that most PCBs incinerators are
not able to provide these conditions due to the presence
of inefficient cold zone with low efficiency in terms of* Correspondence: Jalil.Jaafari@yahoo.com
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this article, unless otherwise stated.mixing and heat distribution [12, 13]. Furthermore, in the
cold zone of waste incinerators polychlorinated biphenyls
(PCBs) are formed [10, 14–16].
In recent years, many attempts have been made to
model processes in incinerators. San José et al., investi-
gated the effect of incinerator efficiency on the emissions
in an industrial area with the help of MM5, CMAQ and
EMIMO [17]. The results showed that the effect of
emissions from incinerator is insignificant compared to
the surrounding industries and highways. The effect was
comparable just in the case of ozone. Stanmore et al.,
modeled the formation of PCDD/F in municipal and
hospital incinerators and proposed a general empirical
model to calculate the level of gaseous and solid
PCDD/F [18].
In another study, Goh et al., modeled the combustion
bed of a municipal incinerator and proposed a compre-
hensive flexible model [19]. The results of the model
were used as boundary conditions for modeling upper
gases in CFD models. The model results can also be
used to optimize the incinerator and reduce the produc-
tion of waste sludge and waste mixing [19]. In a similar
study, the waste mixing was modeled before burning in
an incinerator. In this study, a mathematical model was
proposed for simulating waste mixing in the incineratorarticle is distributed under the terms of the Creative Commons Attribution
mons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
you give appropriate credit to the original author(s) and the source,
ense, and indicate if changes were made. The Creative Commons Public
ommons.org/publicdomain/zero/1.0/) applies to the data made available in
Table 1 The technical specification of the incinerator
Value Parameter
2270 (kg/h) Maximum capacity
C12H7Cl3 Input pollutant
20,277 (KJ/Kg) Net thermal value
50 % Excess air
2.76 m Initial diameter
11 m Initial height
0.5 m Inlet and outlet diameter
2.7 s Initial residence time
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results. Huang, used a kinetic model of reaction to
model the formation PCDD/F in an industrial inciner-
ator [20]. The model variables include the formation and
removal rates of PCDD/F, carbon gasification, partial
pressure of oxygen and equations for temperature and
time. A good agreement was obtained between the ex-
perimental and model results. Khiari et al., proposed a
mathematical model for dynamic simulation of an incin-
erator [21]. The lower part of the incinerator and waste
pyrolysis were modeled. The model results were com-
pared with the results of similar studies. Thomas offered
an one-dimensional model to simulate the incineration
of emissions in an incinerator [22]. Taking into account
radiation, convection and conduction heat transfer pro-
cesses, and the gas flow was simulated. The heat cap-
acity of gases, thermal conductivity and viscosity effects
were included considering the temperature dependence
of the reaction.
The main objective of this study was to investigate the
explores ways to optimize the efficiency of the PCBsFig. 1 a A view of the meshed model of the incinerator, (b) The geometricremoval in incinerators in the presence of baffles em-
bedded in the combustion chamber. Modeling was
performed first with 2 and then with 3 baffles.
Materials and methods
Incinerator specification
A rotational PCBs incinerator with one inlet and one
outlet for pollutants was studied. The incinerator was
designed for one of PCBs isomers called Arochlorine-
1242 (a mixture of 1 % C12H9Cl, 13 % C12H8Cl2, 45 %
C12H7Cl3, 31 % C12H6Cl4 and 10 % C12H5Cl5 with aver-
age Cl content of 42 %. Arochlorine-1242 is among the
most commonly used types of PCBs, especially in power
transformers in great plants. The specification of the
incinerator was selected according to Theodore and
Reynolds [23]. The Arochlorine-1242 incinerator was
designed manually and with the help of software. The
design principles in different parts of incinerator such as
primary and secondary combustion chambers, furnaces,
boilers, suppressor devices and air pollution control
devices were similar to the incinerator modeled in [23].
Design calculations were performed according to Char-
les’s law and Dulong’s equation. Table 1 summarizes the
specification calculated for the incinerator. The technical
specifications presented in Table 1 were used as initial
inputs to Fluent model for simulating the incinerator.
The equations governing the pollutant flow in the
incinerator
Given the air flow velocity and the dimensions of the
incinerator as well as the high temperatures, the flow
regime is turbulent. Neglecting the net rotating flows,
since all changes along the flow and in vertical direction
are important, the k-ε turbulence model is a good modelal charactersitics of the incinerator and boundary conditions
Table 2 The inputs to the Fluent model
Value Parameter
3 % Turbulent Intensity
Stationary Wall Motion
No slip Shear Condition
0.00004 (m) Roughness Height
2.76 (m) Hydraulic Diameter
0.5 Roughness Constant
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solve the isothermal gas flow in the incinerator include
time-averaged mass and momentum conservation equa-
tions [24]:





















Where Ui is velocity along i, i = 1, 2, 3, Xi is x, y, z coor-
dinates along i, Y mass fraction of gas emissions, ρ air
density, υ kinematic viscosity, Ui turbulent velocity
component along i’ and SMi is the momentum source
along i’.As mentioned previously, since the Reynolds re-
moval process and time-averaged equations will lead to
unknown relationships for fluctuating velocity compo-
nents, so a turbulent model is also needed. Thus, the k-ε
model was used. This model requires the solution of two
additional transport equations, one for turbulent kinetic
energy, k and the other for its dissipation rate or ε [24]:
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Equation of State: ρ ¼ PRTσmj=Mj (7)
Incinerator simulation
To simulate the studied incinerator, a Cartesian coordin-
ate system with the dimensions of 20 × 20 × 20 mm con-
taining 10,424 control volumes was used. The x, y and z
axes represent the length, width and height, respectively
[24]. In the regions where sharp gradients in the
variables are expected, fine meshing is considered as
possible. Structured meshes were used for meshing
the model, because the number and distribution of
meshes in different solution regions can be controlled.
In addition, the boundary conditions can be well defined
[24]. The boundary layer mesh generator was used in
the regions where thermal analysis was important. Fig. 1a
and b show the model, the meshed model and boundary
conditions.
Wall boundary condition was considered on the
studied incinerator, because the solid surface is in
direct contact with the fluid [24]. Given that the size
and profile of the inlet pressure to the studied incin-
erator are known, the pressure inflow and pressure
outflow were selected for inlet and outlet boundary
conditions, respectively. The walls were made of steel
with a thermal conductivity of 202 W/M.K. For the
flows with a velocity less than the speed of sound, a
turbulence of less than 5 % can be considered as
assumed in the present model. Other inputs are de-
scribed in Table 2.(b) Iso-velocity contours in the incinerator in normal conditions
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Figure 2a shows the motion path of emissions in the stud-
ied incinerator. As expected, due to the lack of baffles, in-
cinerator geometry as well as the tangential flow of
emissions, large rotating bubbles are formed in the incin-
erator. Rotating regions (eddies) are formed when the flow
pressure reduces the kinetic energy of the fluid particles
causing stagnant points in the flow. In addition, there is
also a secondary flow that directs the flow downward [25].
Fig. 2b shows the iso-velocity contours in the initial state
(without baffles). As seen, increasing the inlet gas
temperature will increase the velocity (compared to the
isothermal case). A maximum velocity of 55 m/s occurs in
the incinerator outlet. In this case, the high speed gas par-
ticles quickly leave the incinerator causing a decrease in
the residence time. In this case, the average residence time
of gaseous emissions is 3 s.
Figure 3 shows the predicted temperatures. Temperature
increases after the gaseous emissions entering the lower
part of the studied incinerator. The temperature inside the
studied incinerator reaches over 1300 °C. The predicted
temperatures demonstrate cold zones in the incinerator
where air is mixed with gas eddies and thus temperature
decreases to 600 °C. The temperature drop in the inciner-
ator may significantly affect the composition of the exhaust
gases from the incinerator preventing the removal of PCB
bonds.Fig. 3 The temperature profile (°C) inside the incinerator in
normal conditionEfficiency Optimization
Baffles were embedded in the incinerator to remove large
rotating currents (or eddy). In the first case, two baffles
each with an angle of 90° were installed on the height of 3
and 5 m from the bottom of the studied incinerator. Fig. 4a,
shows the two-dimensional motion of particles in this case.
The baffles were made of steel as the studied incinerator
body. Unlike the previous case, the motion path is divided
into several parts. Removal of large eddies and the sudden
displacements of gaseous emissions increase the residence
time and thereby optimal air mixing. The residence time
calculated for this case is 3.3 s. Fig. 4b, shows the
temperature profile. The maximum temperature in this
case was 1400 °C. Although the heat concentration can be
observed in the middle of the studied incinerator, the
temperature profile is not significantly different with the
previous case.
In the second case, 3 baffles were installed on the
height of 2, 4 and 8 m from the bottom of the stud-
ied incinerator with an angle of 90 °. Fig. 5a, shows
the gas motion path in this case. As shown, the large
volume of the incoming gas is located adjacent to the
heat source. The gas emission leaves the incinerator
with a lower speed across a longer path compared to
the previous case. In this case, the turbulent flow inthe incinerator is stronger than the previous case.
The average residence time is 3.5 s. The temperature
profile is shown in Fig. 5b, Little changes in the
temperature profile are observed. Like the previous
case, the heat concentration is observed in the middle
of the incinerator. The maximum temperature in this
case is 100 °C higher than the previous case. Other
studies have shown that longer path incinerator or
Fig. 4 a The schematic motion path of gases in the incinerator for the Case 1, (b) The temperature profile (°C) inside the incinerator for the Case 1
Fig. 5 a Schematic motion path of gases in the incinerator for the Case 2, (b) The temperature profile (°C) inside the incinerator for the case 2
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removal rate [15, 26].
Conclusions
The present paper modeled a PCBs incinerator by compu-
tational fluid dynamics with the help of Fluent. First, the
technical specifications of the incinerator were calculated
considering the type of the pollutant. The calculated spec-
ifications were used as Fluent model inputs. Numerical
modeling was performed in three different modes. In the
normal mode, a cylindrical incinerator without any baffle
was modeled. The results indicated the presence of vorti-
ces and cold zones in the incinerator which reduced the
efficiency. Then, the impact of baffles on the heat distribu-
tion and mixing efficiency of gaseous emissions in the in-
cinerator was studied. The baffles reduced eddies and
improved the heat distribution in the incinerator. In the
third case, the maximum residence time, temperature and
turbulence of gaseous emissions were greater than the
previous two cases. In this case, the reduced cold zones by
adding baffles increased the thermal efficiency and pollu-
tant removal by 10 % and 16 %, respectively.
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